Abstract. The impact of species richness and functional diversity of plants on ecosystem water vapor fluxes has been little investigated. To address this knowledge gap, we combined a lysimeter setup in a controlled environment facility (Ecotron) with large ecosystem samples/monoliths originating from a long-term biodiversity experiment (The Jena Experiment) and a modeling approach. Our goals were (1) quantifying the impact of plant species richness (four vs. 16 species) on day-and nighttime ecosystem water vapor fluxes; (2) partitioning ecosystem evapotranspiration into evaporation and plant transpiration using the Shuttleworth and Wallace (SW) energy partitioning model; and (3) identifying the most parsimonious predictors of water vapor fluxes using plant functional-trait-based metrics such as functional diversity and community weighted means. Daytime measured and modeled evapotranspiration were significantly higher in the higher plant diversity treatment, suggesting increased water acquisition. The SW model suggests that, at low plant species richness, a higher proportion of the available energy was diverted to evaporation (a nonproductive flux), while, at higher species richness, the proportion of ecosystem transpiration (a productivity-related water flux) increased. While it is well established that LAI controls ecosystem transpiration, here we also identified that the diversity of leaf nitrogen concentration among species in a community is a consistent predictor of ecosystem water vapor fluxes during daytime. The results provide evidence that, at the peak of the growing season, higher leaf area index (LAI) and lower percentage of bare ground at high plant diversity diverts more of the available water to transpiration, a flux closely coupled with photosynthesis and productivity. Higher rates of transpiration presumably contribute to the positive effect of diversity on productivity.
introduction
The evidence that biodiversity loss reduces the functioning of ecosystems has grown over the last two decades ). Many experimental studies established that increasing plant species richness in a community generally leads to higher biomass production, an easily measurable end-product of ecosystem functioning. However, only little is known about the ecosystem-level energy and mass fluxes underpinning the biomass production (Duffy 2003 , Milcu et al. 2014 . To date, the selection (Huston 1997) and complementarity (Tilman et al. 1997 , Cardinale et al. 2007 effects are the main mechanisms put forward to explain the positive biodiversity-ecosystem functioning relationship. While the selection effect can lead to enhanced ecosystem functioning due to an increased probability of including a highly performing dominant species with increasing species richness, the complementarity hypothesis asserts that increasing plant diversity should lead to a more complete exploitation of resources. Complementarity is expected to arise in more species-rich communities due to increased probability of including species that exhibit (1) various forms of niche partitioning leading to complementary resource capture in space and time or (2) interspecific facilitative/ positive interactions that enhances the capture of resources. In particular, ecosystem evapotranspiration (ET) and transpiration (T), two productivity-related fluxes strongly coupled with photosynthesis, are expected to increase with plant diversity due to its well-documented positive effect on biomass production and leaf surface area per ground area (the leaf area index [LAI] ; Obrist et al. 2003 , Hu et al. 2009 ). Belowground, complementarity in rooting patterns (von Felten and Schmid 2008) could also potentially lead to increased water acquisition and hence increased ET and T.
To our knowledge, the importance of plant species richness for water vapor fluxes has only been investigated in a few studies. With some notable exceptions (Stocker et al. 1999 , Leimer et al. 2014 , indications of more complete water use as well as increased water use efficiency have been found at higher diversity levels (Caldeira et al. 2001 , Van Peer et al. 2004 , and Verheyen et al. 2008 . However, it is unclear whether these results can be generalized since most of these studies included experimental constraints related to the use of relatively small containers (Van Peer et al. 2004 ), short establishment phase (Stocker et al. 1999 , Van Peer et al. 2004 and indirect estimates of evapotranspiration (ET) using water balance models (Verheyen et al. 2008 , Leimer et al. 2014 . Furthermore, no attempt has been made to partition the ecosystem ET into evaporation (E), a nonproductivity related flux, and T. In addition to being controlled by different biological and physical processes, by not partitioning the ecosystem water vapor fluxes in E and T one cannot disentangle the direct (water acquisition-related) effects of species richness on T from canopy structure-mediated effects on ecosystem E. Consequently, we only have an incomplete understanding of the underlying mechanisms influencing non-productive (E) and productive (T) water vapor ecosystem fluxes, which could potentially play an important role in explaining the biodiversity-ecosystem function relationship (Verheyen et al. 2008) .
There is mounting evidence that consideration of plant morphological, biochemical, behavioral, and phenological traits known to affect performance and fitness can improve our understanding of ecosystem functioning (Díaz et al. 2007 , Cadotte et al. 2009 , Milcu et al. 2014 . To date, the most common community-level functional predictors/metrics derived from plant functional traits include the community weighted mean trait value (CWMs) and functional diversity (FD). CWMs, computed as the average of the trait values weighted by the relative abundances of each species, can be used to identify the relative importance of a functional trait in driving ecosystem processes. Theoretically, this metric is related to the mass ratio hypothesis of Grime (1998) stating that ecosystem functioning is primarily determined by trait values of the dominant contributors to plant biomass (Díaz et al. 2007 ). In contrast, FD metrics quantifies the variety, range and evenness of the functional traits present in communities, and have been proposed to be linked to niche complementarity hypothesis since a greater range of trait-values is generally considered to indicate less niche overlap (Díaz et al. 2007 ). However, while functional trait-based metrics have been extensively used to predict biomass production, the role of functional traits for water vapor fluxes has not been yet explored despite evidence that this approach may help to achieve a better predictive framework for ecosystem functioning (Wright et al. 2004 , Violle et al. 2007 , Reiss et al. 2009 ). Based on our current understanding, we would expect the ecosystem water vapor fluxes to be best predicted by plant functional traits affecting the LAI and the rooting patterns (Reichstein et al. 2014) .
To address the aforementioned knowledge gaps, we used 12 large lysimeters in a controlled environment facility for ecosystem research (Ecotron) hosting intact vegetation-soil monoliths from a long-term biodiversity experiment (The Jena Experiment; Roscher et al. 2004 ). This was combined with a modeling approach, based on the Shuttleworth and Wallace (1985) energy partitioning model (henceforth SW), which allowed to separately quantify the proportion of energy that is dissipated in T, E, and sensible heat flux (H). In order to derive a mechanistic and predictive understanding of plant diversity effects, in addition to species richness we also tested several predictors based on above-and belowground vegetation properties and functional trait-based indices (Appendix S1). Specifically, our goals were (1) quantifying the effect of plant diversity on day-and nighttime ecosystem water fluxes during the peak of the growing season; (2) partitioning the ecosystem ET in E and T using a modeling approach to test the importance of plant species richness (four vs. 16 species) on the partitioned fluxes; and (3) identifying the most parsimonious statistical models of water vapor fluxes using above-and belowground vegetation properties and functional traitbased metrics (CWMs and Rao's quadratic entropy index of functional diversity [FD Q ]).
MAteriAls And Methods

The Ecotron facility
The experiment was conducted in the Montpellier European Ecotron, an experimental infrastructure developed by the Centre National de la Recherche Scientifique (CNRS, France), to study the response of ecosystems to global environmental changes. The lysimeters (2 m 2 , circular with a diameter of 1.6 m, weighing 7 to 8 Mg) were located in 12 controlled environment units of the macrocosms platform. Each unit consists of a 30-m 3 dome-shaped chamber situated on top of a dedicated lysimeter room (see Milcu et al. [2014] and Appendix S2 for more information on the macrocosms platform of the Ecotron facility). The soil surface and canopy of the lysimeters were exposed to natural sunlight within each dome as a highly transparent material to light and uV radiation (250 μm thick Teflon-FEP film, DuPont, Wilmington, Delaware, uSA) was used as cover. Automatically controlled feedback loop algorithms based on industrialgrade proportional-integral-derivative (PID) controllers were used to achieve the desired set-points for air temperature, air humidity, and air percent CO 2 .
Plant communities
The soil monoliths containing the plant communities originated from the long-term Jena Experiment (50°57.1′ N, 11°37.5′ E, 130 m above sea level; mean annual temperature 9.3°C, mean annual precipitation 587 mm). The site is located on the floodplain of the Saale River (Jena, Germany), and was a former arable field until 2000, then kept fallow before 82 large plots (20 × 20 m) varying in plant species richness (1-60 species), plant functional groups (one to four; grasses, small herbs, tall herbs, and legumes) and plant species composition were established in May 2002 (Roscher et al. 2004 ). Twelve plant communities from two sown diversity levels (four and 16 species) with six independent replicates per diversity level (Appendix S3), were selected according to the following criteria: (1) at least three functional groups (legumes, grasses, and herbs) were present; (2) realized species numbers were close to sown species richness; and (3) plots were equally distributed across the experimental blocks of the field site to account for the variability in soil texture. The monoliths were selected to be representative (as percentage of vegetation cover and standing biomass) of the plots they originate from. The monoliths were sampled and placed in lysimeters in December 2011 following an established non-compacting extraction method (see supplementary methods in Appendix S6 for more information on the procedure used to extract the soil monoliths). At the end of March 2012, the lysimeters were transported to the Ecotron facility in Montpellier.
Experimental conditions
During the four months when the lysimeters where hosted in the Ecotron, we aimed to simulate the average climatic conditions at the Jena Experiment field site since 2002. As the recorded spring and summer climatic conditions of the year 2007 were very close to the average temperature and precipitation regimes in Jena for the period 2002-2010, they were used as set points (at 10-min intervals). The average air temperature achieved was close to the set point (14.0°C vs. 14.9°C in Jena). The achieved average air humidity (RH) however, was somewhat lower (58.9% RH vs. 73.4% RH in Jena) because during nighttime the humidifying system in the Ecotron had to be stopped occasionally to prevent wetting the vegetation when the set points were higher than 80% RH. Because of this and since the monoliths were exposed to slightly higher temperatures during transport and prior to installation in the Ecotron, we opted for increasing the precipitation by +28% relative to 2007 (Appendix S4). This allowed achieving similar soil moisture conditions (Appendix S5). The precipitation was applied by manual watering using a hose equipped with a sprinkler and a flowmeter. As the incoming short-wave radiation estimated from the HelioClim-1 database (Blanc et al. 2011) was on average 37% lower in Jena than in Montpellier between April and July, a black shading mesh was added on the inside of each dome, which reduced the incoming radiation by 44%. unwanted plant species (weeds) were removed every three weeks to maintain the targeted diversity levels. To recreate the mowing management of the Jena Experiment, the aboveground biomass was mown at the end of April and at the end of July. The final harvest took place at the time of the July mowing and included destructive vegetation and soil sampling. As the modeling exercise relied on a period of 6 d with undisturbed water vapor fluxes (28 June to 3 July 2012), the continuous environmental conditions (air RH, air temperature, vapor pressure deficit [VPD] , and radiation) during this period are presented in Fig. 1a,b) .
Water vapor flux measurements
Ecosystem ET was measured as lysimeter mass changes over time. Four shear beam load cells per lysimeter (CMI-C3, Precia-Molen, Privas CEDEx France), with an accuracy of ±200 g, were used to measure the changes in mass. The raw mass changes were corrected for temperature effects on the sensitivity of the bean load cells, with correction factors provided by the manufacturer. The resulting data were then smoothed using a symmetric loess smoothing function with a span of 0.1 (as available in the R 3.1.2 software environment [R Development Core Team 2013] ) to reduce the impact caused by minute differential pressure changes between the dome and the lysimeter chamber where the beam load cells are installed.
Since not all mass changes can be associated with water vapor fluxes (e.g., during activities that add or remove mass from the lysimeter such as sampling, weeding, or when a measuring device is placed on the lysimeter), we restricted our analysis to a time period with the highest lysimeter data quality obtained during six consecutive undisturbed days (28 June to 3 July 2012). This period was also close to the final harvest of the plant communities (17-20 July) when all plant traits and vegetation properties were measured. The lysimeter measured ET for this period is presented in Fig. 1c . These measurements were used to estimate average day-(ET day ) and nighttime (ET night ) ecosystem evapotranspiration as well as the evapotranspiration over 24 h (ET 24 h ). For more information on the measurement and sampling methodology, see Milcu et al. (2014) and Appendix S6.
The Shuttleworth and Wallace model
Probably the most widely used model for ecosystemscale ET simulations is the Penman (1948) model with Monteith (1981) extension to include stomatal resistance as a term that allows one simulate the plant control of ET, today known as the Penman-Monteith equation (PM). Shuttleworth and Wallace (1985) further developed a canopy model based on PM to allow partitioning of the radiative energy in sensible heat flux (H) and ecosystem evapotranspiration (ET) which can be further partitioned in evaporation (E) and transpiration (T). This is done by expressing PM (1) for the top of the vegetation canopy, (2) for the soil surface below the canopy, and (3) for bare ground and considering that in any canopy there is a certain fraction of projected surface area that is not entirely covered by the plant community. PM uses available energy, air temperature, atmospheric moisture, and a series of transfer resistances, including the stomatal resistance of vascular plants to predict ET (see Appendix S6 for equations and full model details).
Vegetation properties and functional trait-based metrics
We measured the following vegetation properties: shoot biomass (ShootBM), root biomass (RootBM), root biomass and length by soil volume and depth (0-5, fig. 1. (a,b) Ecotron environmental conditions during the selected 6 d averaged for the two plant diversity levels (four vs. 16 species). RH represents the air relative humidity and VPD the vapor pressure deficit. (c) Lysimeter measured evapotranspiration (ET) in the Ecotron. 5-10, 10-20, 20-30, 30-60 cm) , total biomass (TotalBM), shoot biomass of legumes (LegBM), shoot biomass of grasses (GrassBM), shoot biomass of herbs (HerbBM), leaf area index (LAI), leaf biomass (LeafBM), and percentage of bare ground (% bare ground).
The functional-trait based metrics included functional diversity indices (FD) and community weighted means (CWM) calculated from 10 plant functional traits that have been previously shown to be linked to plant transpiration, photosynthetic rates, and light interception (see Appendix S1 for an overview of tested predictors). Rao's quadratic entropy (FD Q ; Botta Dukát 2005) was preferred as an index of functional diversity as it incorporates information about functional distance as well as functional evenness (abundance weighted) of a community. Species-specific aboveground biomass was used for abundance weighting. For each available plant species, the following traits were measured in situ in each dome before the final destructive harvest: stomatal conductance (gs; μmol 1 ·m
), specific leaf area (SLA; mm 2 /mg), leaf greenness (dimensionless measure of foliar chlorophyll content), leaf dry matter content (LDMC; mg/g), leaf N concentration (% N in leaf dry mass), species-specific plant height (cm), and specific leaf nitrogen (SLN; g N/m 2 leaf). See Appendix S6 for further details on the sampling methodology. Literature surveys were used for seasonality of foliage (ordinal, 1 = summer green, 2 = partly evergreen, 3 = evergreen), rooting type (ordinal, 1 = long-living primary root system, 2 = secondary fibrous roots in addition to the primary root system, 3 = short living primary root system, extensive secondary root system), and rooting depth (cm) as used by Roscher et al. (2004) . FD Q was calculated for each of the ten functional traits separately, all available traits simultaneously (FD Q -all) and only leaf-related traits (FD Q -leaf). FD Q and CWM were calculated using the FD package (Laliberté and Shipley 2011) 
Statistical analyses
Statistical analyses were performed in R (version 3.1.2.). To compare measured and modeled water vapor fluxes, we used t tests. To test for plant species richness effects, we used repeated-measures analysis of variance (ANOVA) on daily averaged data with dome as a random factor and a temporal autocorrelation function (corAR1) for individual domes as available through the "lme" function. To identify the most important predictors, we fitted simple linear regression models on fluxes averaged over 6 d for each predictor as well as available soil texture-related covariates (see Appendix S1) on the averaged water vapor fluxes of the selected 6 d. The resulting models were then simultaneously run through a model averaging procedure ("dredge" function in MuMIn package) which computes Akaike weights (AICw), that represent the probability that a particular model is the best fit to the observed data (Burnham and Anderson 2001) . The predictors found within the 95% confidence interval (cumulative AICw ≤ 0.95) were selected and simultaneously included in a multivariate linear fitting regression model using the lm function. The resulting regression models were then simplified to reach the most parsimonious models by using the automatic model simplification "step" procedure based on Akaike information criterion corrected for sample size (AIC c ; Venables and Ripley 2002) .
results
Results of the Shuttleworth and Wallace model
Time traces of ecosystem soil evaporation (E) and plant transpiration (T) fluxes modeled with the SW model are displayed in Fig. 2a and b as averages for the two plant species richness levels. Although over 24 h the modeled ET slightly underestimated the measured ET (Fig. 2c) , when restricted to only daytime, the model agreed well with the measured data (Fig. 2d) , with average daytime ET over 6 d within ±10% of measured values for most of the lysimeters (r 2 modeled,measured = 0.79) and a Root Mean Square Error of Approximation (RMSEA) of 1.45. The t tests based on average daily ET showed that there was no significant difference between measured and modeled daytime (t = −0.58, P = 0.568) and 24 h ET (t = 1.33, P = 0.197).
As expected, modeled nighttime evapotranspiration (ET night ) values were lower than daytime values (Fig. 2a) . However, we found that the modeled ET night values were on average 52% lower (t = 6.37, P < 0.001) than the values measured with the lysimeters (Fig. 2b) . Since we argue that the discrepancy between measured and modeled ET night is likely related to the controlled environment in the Ecotron (see Appendix S6), we restricted the further assessment of the effect of species richness and functional diversity on the modeled T and E to daytime only.
Species richness effects
Measured daytime ecosystem evapotranspiration (ET day ) was significantly higher in the lysimeters hosting monoliths from communities sown with 16 species relative to four species (+16.6%, F 1,10 , P = 0.049; Fig. 3a) . This is also visible in Fig. 1c with exception of the last day after the rainfall/irrigation of 20 mm. However, no significant difference in ET day was found between species richness during nighttime (F 1,20 = 0.25, P = 0.625), or when the ET was integrated over 24 h (F 1,10 = 2.84, P = 0.122; Fig 3a) .
Modeled ET day was also significantly higher in the treatment with 16 species relative to four species richness (+14.5%, F 1,10 = 6.86, P = 0.026; Fig. 3b ), a result in accordance with the measured results. Averaged over 24 h, modeled ET was also significantly higher in the treatment with 16 sown species richness (+14.6%, F 1,10 = 6.62, P = 0.028), while no diversity effect was found for ET night .
Modeled ecosystem transpiration during daytime (T day ), either expressed as fraction of the available energy (+65.2%, F 1,10 = 6.77, P = 0.026; Fig. 3c ) or mean water vapor loss per day (+68.4%, F 1,10 = 6.79, P = 0.026; Fig. 3d ), was significantly higher in the monoliths with higher plant species richness (Table 1) . Furthermore, T day correlated well with the total plant biomass at the final harvest (r 2 = 0.72, P < 0.001; Fig. 3f ). In contrast, modeled daytime evaporation (E day ) was significantly lower at high species richness expressed as both fraction of available energy (−22.2%, F 1,10 = 6.09, P = 0.033; Fig. 2d ) and mean water vapor loss per day (−15.9%, F 1,10 = 6.45, P = 0.029; Fig. 3d) . Consequently, the ratio of daytime ecosystem transpiration to evaporation (T day /E day ) was also significantly affected by sown plant species richness, with a significantly higher ratio in the monoliths with 16 sown species (F 1,10 = 7.28, P = 0.022; Fig 3c) . The proportion of total energy dissipated as sensible heat flux (H day ) was significantly lower (−28.4%; F 1,10 = 7.30, P = 0.022) in the monoliths with 16 compared to 4 sown plant species (Table 1) .
Vegetation properties and functional trait-based metrics as predictors for water vapor fluxes With one exception (ET night , which was best predicted by the community weighted means of the height of the species), among the vegetation properties, LAI proved to be the most consistent predictor of water vapor fluxes (Table 1) . Fig. 3e depicts the role of LAI in the modeled partition of the available energy in T day , E day and H day. Higher LAI also led to higher measured ET 24 h and ET day (Table 1) . In addition to LAI, the percentage of bare ground was retained in the most parsimonious models for all of the modeled variables and positively influenced the E day and H day and negatively the T day and the T day /E day ratio.
The minimal adequate models for water vapor fluxes that directly focused on functional trait based metrics had generally a weaker predictive power than those based on the LAI (Table 1) . However, the diversity of leaf N concentration in the canopy (FD Q -leafN%) stood out as a consistent predictor of ecosystem water vapor fluxes; increasing FD Q -leafN% was correlated with an increase in measured and modeled fluxes. The relationships between FD Q -leafN%, LAI, percentage of bare ground, and modeled daytime ecosystem transpiration (T day ) are depicted in Fig. 4 . discussion Ecosystem ET is an important process for water and energy balance, and is closely linked to ecosystem productivity (Hu et al. 2008 , Verheyen et al. 2008 ). The Shuttleworth and Wallace's (SW) energy partitioning model has been widely used with good performance to partition the ET in its component water vapor fluxes (T and E), in crops (Shuttleworth and Wallace 1985, Brisson et al. 1998 ) and natural grasslands (Hu et al. 2009 ), but it has not been used so far in experiments addressing the role of biodiversity for ecosystem functioning. Here, we applied the SW model to plant communities of contrasting species richness (four vs. 16 species) in a controlled environment facility (Ecotron) equipped with lysimeters. This setup allowed us to compare the performance of the SW model with the lysimeter measured fluxes. Considering the large daily variability of environmental variables, and particularities of the Ecotron environment (e.g., top down air flow), the overall agreement of measured and modeled ET during the 6 d of our study was good (r 2 = 0.79), and within the range found by previous studies (Brisson et al. 1998 , Tourula and Heikinheimo 1998 , Kato et al. 2004 .
Overall, our results show an increase of water acquisition in the high diversity treatment (16 plant species) as indicated by higher ET day as well as higher modeled T day . Although speculative, since we provide no direct evidence for complementarity, increased water acquisition can be interpreted as an indicator of complementarity, however, the jury is still out on the importance of complementarity for grassland water acquisition (Verheyen et al. 2008 , Bachmann et al. 2015 . In parallel with the higher modeled T day , the productive fraction of the ET, communities with 16 species also exhibited lower proportions of energy diverted into non-productive water and energy fluxes (E day and H day ) and an increase in the ratio of energy diverted to transpiration over evaporation during daytime (T day /E day ; Table 1 ). This suggests that plant diversity effects mediated by the structure of the canopy (by the LAI as indicated by Table 1 ) occurred by reducing the propensity to dissipate the energy via the non-productive evaporative process. Since T day occurs only during the period of photosynthetic activity, a higher proportion of T implies that more of the ET water was used to acquire carbon, which would increase the water use efficiency (C gain/ET). Indeed, this is consistent with the results of Milcu et al. (2014) Notes: ET 24 h , ET day and ET night represent lysimeter measured evapotranspiration values during 24 h, daytime and nighttime, respectively. T day , E day , and H day represent the daytime transpiration, evaporation, and sensible heat flux, respectively. Vegetation properties (LAI, leaf area index; Bare, percentage of bare ground; grBM, biomass of grasses) and functional trait-based predictors (FD Q -leafN%, diversity of leaf N concentration; CWM-height, community weighted means of species height) were separately analyzed in different models. Nonsignificant effects are labeled "ns". See Appendix S1 for the list of all predictors included in the initial models before the Akaike information criterion corrected for sample size (AIC c )-based model simplification. experiment in the Ecotron showing a 37.6% increase in water use efficiency in communities with 16 plant species relative to four species. These findings are also in line with several previous studies (Van Peer et al. 2004 ) documenting an increase in ET and water use efficiency with increasing plant diversity. However, our results are not in agreement with the findings of Leimer et al. (2014) , which indirectly estimated ecosystem ET using a simple soil water balance model in the same field site from where the soil monoliths of our study were extracted (the Jena Experiment). By modelling ecosystem ET from fluctuations in soil water content measured in two soil layers (0.0-0.3 m and 0.3-0.7 m), the study of Leimer et al. (2014) found no plant diversity effects on modeled ET with monthly resolution from 2005 to 2008. This is different from our results which showed significantly higher modeled ET as well as a tendency of higher measured ET. While not fully comparable due to very different methodology and temporal resolution, it is worth noting that the Leimer et al. (2014) study was only tested against the results of a hydrological model and not against measured ET. Another possible explanation for the discrepancy could be that, by using a controlled environment approach and direct measurements of ET, we were able to reduce more confounding factors. Alternatively, we cannot discount the possibility that the study of Leimer et al. (2014) , which presented monthly aggregated data for four years, also incorporated longer-term processes that are not included in our study. For example, unaccounted potential discrepancies in the phenology of plant development throughout the growing season might alter the differences in water use between the communities with low and high diversity.
Of all tested predictors of water vapor fluxes based on vegetation properties such as canopy structure and belowground rooting patterns, we found that the LAI and the percentage of bare ground on the soil surface were the two predictors retained in the most parsimonious models. While it has been long established that the LAI is a consistent driver of water vapor fluxes, and is actually factored into the SW energy partition model (Shuttleworth and Wallace 1985) , here we show that plant diversity effects on ecosystem water vapor fluxes are mediated by the leaf area index (LAI). Furthermore, to our knowledge, this is the first study attempting to link ecosystem water vapor fluxes to plant functional trait-based metrics. By doing this, we found that of all functional trait-based metrics, the index of functional diversity based on leaf nitrogen concentration in the canopy (FD Q -leafN%) best predicted the water vapor fluxes and was strongly correlated to the LAI (Fig. 4) . Moreover, it was a better predictor of measured daytime ET than species richness. Previous studies from the same experiment showed that FD Q -leafN% was an important predictor of C fluxes and community biomass (Roscher et al. 2012 , Milcu et al. 2014 , and it was suggested that it might capture the cumulative investment in light acquisition by the community represented by the LAI, and hence, indirectly affect the ecosystem-level plant transpiration. Alternatively, it has also been suggested that this index of diversity measuring the unevenness of N allocation in the canopy could be linked to a more optimal N distribution in the canopy (Field 1983 , Hirose and Werger 1987 , Milcu et al. 2014 and not necessarily with the LAI. However, additional manipulative experiments are needed to clarify the exact mechanism through which FD Q -leafN% affects the water vapor fluxes.
To conclude, our results show higher water acquisition (higher ET) in more diverse communities during daytime, at least at the peak at the growing season. More nove is that we identified a plant functional diversity metric capturing the diversity of leaf N% in the canopy (FD QleafN%) as a consistent predictor of several daytime ecosystem-level water and energy fluxes (ET, T, E, and H), presumably via its effect on LAI, a measure of the community investment in light acquisition. Furthermore, since the SW model is showing that higher plant diversity leads to a higher T rates, a flux closely coupled with photosynthesis and hence productivity related, this presumably contributes to the well-documented positive effect of diversity on productivity. This is also supported by the positive correlation between modeled T day and total plant biomass (Fig. 3f) . Allocating more of the available water to the productivity-related flux is likely going to become more important in the future, since extreme climatic events such as droughts and heatwaves are predicted to increase in intensity and frequency in many regions (IPCC 2012) . under these conditions, plant communities containing more functionally diverse species will likely use more of the available water for growth and cooling.
